Abstract: Complete nucleotide sequence of plasmid pGP2 from Acetobacter estunensis GP2 was identified after initial cloning of EcoRI fragment followed by preparation of deletion derivatives. Its size was defined to 2,797 bp and several sites for several restriction enzymes were revealed by DNA sequencing. Sequence analysis predicts three putative open reading frames (ORFs). ORF1 shows significant identity with the bacterial excinuclease α-subunit, ORF2 is a putative replication protein with low similarity with other Acetobacter plasmid's replication proteins, and ORF3 encodes a class B acid phosphatase/phosphotransferase. The replication module comprises a DnaA box like sequence, direct repeats, a potential prokaryotic promoter and a rep gene. The rep module is similar with several θ-replicating, iteron-containing modules from plasmids, suggesting pGP2 replication may follow the same course. Any phenotypic character determinant gene is absent in pGP2, suggesting this plasmid to be cryptic. However, a pGP2 derivative plasmid, containing the putative pGP2 rep region, can replicate and is stably maintained in Acetobacter and Escherichia coli strains; it can also carry foreign DNA fragments. Thus, pGP2-X could serve as a cloning shuttle vector between these bacteria. Prepared deletion derivatives of plasmid pGP2 suggested that Rep protein is essential for plasmid replication in host bacteria. In its natural host, A. estunensis GP2, pGP2 maintains a four-times lower copy number than in E. coli.
Introduction
Acetic acid bacteria (AAB) represent a widely divergent group within the α-Proteobacteria. They may be isolated from a variety of natural fields, such as fruits, flowers, fermented foods, and are rarely found in soils and insect guts (Lambert et al. 1981; Ruy et al. 2008) . Their metabolic uniqueness was traditionally utilized to generate fermented food, especially vinegar, and also for industrial production of sorbose and dihydroxyacetone (Adachi et al. 2003) .
The genus Acetobacter belongs to the group of AAB oxidizing alcohols or sugars incompletely, which leads to the accumulation of acetic acid. Because of the ability to produce vinegar from spirits, wine, beer and cider, AAB are largely exploited in industry. The preponderance of species seems to be associated with temperate climate (Silva et al. 2006 ), but some species also occur in tropical climates, e.g., Acetobacter cibinongensis has been found in fermented foods, such as tea fungus beverage, palm vinegar, palm wine, nata de coco, and pickles (Lisdiyanti et al. 2001; Kersters et al. 2006) . Until now only one species of the genus Acetobacter has been identified as a human pathogen (Gouby et al. 2007) .
Genomic mutations are fundamental phenomena in the evolution of any organism. Bacteria may be more directly influenced by any mutations, because of their minimized genomes or because of the density of their genome information. Based on new information about the genomic structures and mutational events of bacteria, genomic mutations have been classified into various systems, such as horizontal gene transfer of mobile gene units (e.g. transposon, plasmid and phage), hyper-mutable tandem repeat, genome-wide rearrangement and genome reduction (Sällström & Andersson 2005) , which are additional to the well-known mutation systems, such as nucleotide substitution, insertion and deletion and gene duplication (Nobusato et al. 2000) . Very little is known about the genetic background of the instability, but some phenotypic modifications by transposon insertion were reported in ethanol oxidation, acetic acid resistance Beppu 1993) , and cellulose formation (Coucheron 1991) .
Most bacteria contain plasmids, i.e. autonomous, self-replicating and normally unessential DNA molecu- les, which are stably maintained at well-defined numbers of copies per cell. Studies of bacterial plasmids have revealed a wealth of fundamental information about replication (Cohen 1993) . The basic replication regions of plasmids usually contain two essential components, an origin (ori) region and at least one gene, coding for a protein usually designated as Rep. Another way how to replicate the extra-chromosomal DNA molecule was proposed by family of ColE1 plasmids; their replication begins with the synthesis and processing of an RNA primer without the involvement of a plasmid-encoded protein (Kues & Stahl 1989; Helinski et al. 1996) .
Plasmids encode systems that control their replication so that fairly precise, steady-state copy numbers are maintained. Plasmid replicons from Gram-negative bacteria always seem to encode a negative feedback control system. Two basic mechanisms for the regulation of plasmid replication have been recognized so far: one operates via an antisense RNA transcript that negatively regulates the replication, whereas the other operates via iterons, i.e. a series of direct repeat sequence located within ori that interact with iteron-binding Rep proteins responsible for both the initiation of replication and its control (del Solar et al. 1998) .
Several plasmid DNA with various size were purified and characterised from AAB. The first identified cryptic plasmid from Acetobacter had been used for the construction of cloning vectors (Okumura et al. 1985; Fukaya et al. 1990; Tamaki et al. 1991; Fujiwara et al. 1992) . Later a large plasmid pAC1 (19 kb) (Grones et al. 1989; Grones & Turňa 1992) , plasmid pAP12875 (Fomenkov et al. 1995) and a large series of pAP1-pAP4 plasmids (Krahulec et al. 2003) were indented from Acetobacter pasteurianus. Plasmid pJK2-1 (Trček et al. 2000) and plasmid pAG20 (Kretová et al. 2005) were isolated from Gluconobacter and Acetobacter aceti, respectively. One group of plasmids uses the Rep protein for initiation of replication, whereas the other group of plasmids (pAP1-pAP4) uses an RNA primer for initiation of replication (ColE1 like plasmids).
In this study we present the physical and putative genetic map of pGP2 plasmid from A. estunensis as well as the estimation of its copy number. Host range and segregation stability of pGP2 replicon cloned in pUK21 (pGP21) are also discussed. Finally, a possibility of using the pGP2 as a stable cloning shuttle vector among AAB and Escherichia coli is examined.
Material and methods
Bacterial strains, plasmids and growth conditions Bacterial strains and plasmids used in this study are listed in Table 1 . The Acetobacter strains were routinely cultured in YPG medium of pH 4.5 having the following composition: 5% yeast extract, 0.3% peptone and 2% manitol (Grones et al. 1989 ). The Acetobacter was grown at 28
• C with shaking (250 rpm) for overnight. E. coli cells were grown in either Luria-Bertani (10% peptone, 5% yeast extract, 5% NaCl, pH 7.4) broth at 37
• C with or without shaking (300 rpm) for overnight. One or more of the following antibiotics were added to the medium whenever required: ampicillin (100 µg/mL) and kanamycin (50 µg/mL) (Sambrook et al. 1989 ).
Plasmid preparation
Plasmid was prepared from the Acetobacter following a modified method described by Grones et al. (1989) . Late log phase cells grown in YPG medium were harvested (10,000×g, 5 min, 4
• C) from 100 mL culture, pellets were suspended in 1 mL GET solution (50 mM glucose; 25 mM Tris.HCl buffer, pH 8.0; 10 mM EDTA, pH 8.0) and 0.1 mL cocktail of lysozyme solution was added (50 mM glucose; 25 mM Tris.HCl buffer, pH 8.0; 10 mM EDTA, pH 8.0; 5 mg/mL lysozyme). The cells were incubated for 30 min at 37
• C, then 1 mL 10% (v/v) SDS solution was and after 30 min at 30
• C NaCl was added up to 1 M concentration. Lysate was centrifuged for 30 min at 15,000×g in 4
• C. The supernatant (approximately 0.7 mL) was treated with 0.5 mL of phenol:chloroform (1:1, v/v), and the mixture was centrifuged at 15,000×g for 3 min; the aqueous phase was treated once again with the same solvent and once with 0.5 mL chloroform, each time succeeded by centrifugation. The DNA was precipitated with cold ethanol, and after centrifugation (12,000×g, 10 min, 4
• C) pellets were vacuum-dried and dissolved in 100 µL of sterile doubledistilled water according to standard methods (Sambrook et al. 1989) . A standard protocol (Birmboim & Doly 1979) based on alkaline-lysis method was used for isolation and purification of plasmid DNA from E. coli. For sequencing procedure the isolated plasmid was purified using the JETquick kit (Genomed, Germany).
DNA manipulations and transformation
Restriction endonucleases and T4 DNA ligase were purchased from BioLabs, and used as per recommendations. Sequencing primers were synthesized by Matabion. Plasmid vector pUK21 was prepared in the laboratory. The plasmid DNA, recombinant plasmid and deletion derivatives were electrophorased in 1.0% TAE-agarose gel. For the fragment purification the electro-elution from low melting point agarose was used (Sambrook et al. 1989) . For the construction of physical map, the pGP2 plasmid DNA was treated with restriction enzymes AvaI, ClaI, EcoRI, EcoRV, PstI, PvuI, SalI, SmaI, and XmaI. Plasmid pGP21 (5.8 kb) was prepared with cloning EcoRI linearised plasmid pGP2 and cloned into same place in pUK21 vector. A series of deletion derivatives were prepared from plasmid pGP2; pGP22 deletion EcoRV fragment (742 bp), pGP23 deletion SalI fragment (1,385 bp), and pGP24 deletion AvaI fragment (364 bp). Plasmid pGP25 (4.1 kb) was prepared from pGP2 after digestion with SalI and into this position the gene resistance to kanamycin from pUK4-KAPA plasmid (Barany 1985) was added.
Other standard cloning procedures like preparation of E. coli XL1 Blue competent cells, transformation of the competent cells and screening of the recombinants were strictly followed as described in Sambrook et al. (1989) . Transformation in Acetobacter strains was performed by Bilská & Grones (2003) method.
Plasmid-copy-number determination Copy number of pGP2 plasmid was determined on agarose gel electrophoretogram according to the method of Pushnova et al. (2000) . In fact, total bacterial DNA (both plasmid and genomic DNA) was isolated from 2 mL overnight (A590 ∼ 2) culture of A. estunensis. After harvesting the cells by centrifugation, pellets were suspended in TE solution with lysozyme and incubated 30 min at 37
• C. DNA was purified by phenol chloroform extraction and after ethanol precipitation diluted in 50 µL double-distilled water. Series of concentration of DNA was separated by agarose gel electrophoresis, stained by ethidium bromide, and subsequent densitometric scanning of the gel picture negative for quantification of chromosomal and plasmid DNA.
For determination of the relative copy number of pGP2 in different hosts, plasmid was isolated at mini-scale from equal number of exponentially growing cells according to the protocol by Singh & Banerjee (2006) .
Segregational stability
To determine the segregational stability of pGP2 (containing in different hosts), the transformed cells were inoculated into suitable broth medium containing kanamycin, and incubated at 37
• C (AAB) till the late log phase. The bacterial cells were sub-cultured (using 0.1% inoculum) in absence of kanamycin for 100 generations. To determine the percentage of cell population that was resistant to the antibiotic, the cells from fully grown cultures, following suitable dilution after each step, were spread on Luria-Bertani or YPG agar plates without antibiotic, and incubated overnight at 37
• C (E. coli) or 48 h at 28
• C (Acetobacter). Hundred colonies from each culture were transferred onto Luria-Bertani (E. coli) or YPG (Acetobacter) agar plates with and without kanamycin, and incubated at the respective temperature overnight 24 h for both E. coli and Acetobacter to determine the percentage of cells that had lost the plasmid. Simultaneously plasmid was extracted from 2 mL of fully grown culture to monitor the plasmid profile of the cells.
DNA sequencing and sequence analysis of pGP2
The EcoRI linearised plasmid pGP2 was cloned in pUK21 (named pGP100); the entire plasmid using the universal sequencing primers M13F and M13R (Sambrook et al. 1989) was the initial source for sequencing. The complete nucleotide sequence was determined by preparing deletion derivatives and subcloning fragments in pUK21 vector. Plasmid DNA templates were purified by JETQuick kit (Genomed, Germany).
Sequencing reactions were performed with the ABI dye terminator sequencing reagents using an automated ABI Prism 3100 Genetic Analyzer (Applied Biosystems, USA). DNASTAR software package was utilized for assembling the sequences and to locate repeats and palindromes in the pGP2 sequence. Analysis of the sequence, ORF prediction, and drawing of the physical and genetic map of the plasmids were done using Bio-Edit software package (Hall 1999) . Sequence similarity searches were carried with BLAST (Altschul et al. 1997 ) and WU-BLAST at EMBL/GenBank database (http://www.ebi.ac.uk/blast2). Multiple sequence alignment was done using T-COFFEE (Notredame at al. 2000) program. Prokaryotic promoter prediction was with the neutral network program (http://searchlauncher.bcm. tmc.edu/seq-search/gene-search.html) and the method proposed by Kanhere & Bansal (2005) . DNA helical stability, i.e. the free energy required to unwind the two strands of the double-helix, was predicted across the entire sequence by sliding window analysis using a web-based program, WEB-THERMODYN (Huang & Kowalski 2003 ). Helix-turn-helix (HTH) motif prediction was done by the network protein analysis software (Dodd & Egan 1990 ) and GYM 2.0 (Narasimhan at al. 2002) . The Accession No. of the complete nucleotide sequence of pGP2 plasmid deposited with GenBank/DDJB/EMBL is FN597255.
Results and discussion
Complete sequence of the pGP2 plasmid Plasmid pGP2 was isolated and purified from A. estunesis GP2. A physical map of pGP2 was constructed from the fragment sizes generated after single and double digestion of the plasmid with AvaI, ClaI, EcoRI, HindIII, MluI, PvuI, PvuII, PstI, SalI and SmaI. A size of around 2.8 kb was determined for this plasmid. Plasmid was digested with EcoRI and cloned in pUK21 and named pGP21. Deletion derivatives prepared from this plasmid were used for sequencing analysis using M13F and M13R universal primers. The size of pGP2 has been defined to be 2,797 bp with single restriction site for 10 enzymes (Fig. 1) . The G+C content of the pGP2 plasmid DNA is 54.1% what is less than that for the A. estunensis chromosomal DNA (58.7%) (Cleenwerck et al. 2002) . Similar observation with higher G+C content of chromosomal DNA in comparison with the plasmid DNA was reported for small plasmids pAG20 from A. aceti CCM (Czech Collection of Microorganisms) 3610 (G+C 51.6%) (Kretová et al. 2005 ) and pAP2 from A. pasteurianus CCM 2374 (G+C 51%) (Krahulec et al. 2003) .
Analysis of the pGP2 sequence and putative ORFs
Three putative ORFs were found in the pGP2 sequence; the largest ORF is located on the coding strand, whereas the two remaining ones on the complementary strand. Position one in the nucleotide numbering of the plasmid was selected arbitrarily at the EcoRI site (1GAATTC) to avoid interruption in predicted ORFs (Fig. 1) .
The largest identified reading frame ORF1 (205-1503 bp) encodes a 432 amino acid residues long protein that exhibits similarity with a conserved domain of excinuclease α-subunit (97% identity) from E. coli O157:H7. A ribosome-binding site (RBS) was detected 4 nucleotides upstream to the start codon ( 194 TGGTTGG 200 ). The -10 ( 177 AGATTG 183 ) and -35 ( 157 GCGTAT 163 ) sequences of the promoter for ORF1 were predicted upstream to the RBS. The analysis of amino acid sequence suggested the number of α-helices (15 helices longer than 4 amino acid residues) and β-strands (8 strands longer than 4 residues) as well as three domains: ABC transporter domains (Higgins et al. 1990 ) and GTP-ase domain (Monleón et al. 2007 ). The transmembrane domain was localized in position 118-138 residues from the N-terminal end (VTLTLPVGLFTCITGVSGSGK) (CLC protein workbench 5.2 program). Isoelectric point of this protein was calculated as pI 6.8.
ORF2 (1670-2309 bp) codes for a protein with 213 residues having high similarity (95%) with a hypothetical protein from E. coli. A RBS is detected 5 nucleotides upstream from the start codon ( 2320 AGGAGCA 2314 ) (Fig. 2) . The -10 ( 2301 TGATTA 2295 ) and -35 ( 2359 TT CGCT 2353 ) nucleotide sequences of the promoter were predicted upstream to the RBS (Fig. 2) . The putative ori region of the pGP2 is proposed to be 24 bp long (nucleotides 2364-2388), which contains DnaA-binding site and a consensus sequence ( 2387 CTGTTTT/T/TTA A 2376 ) for nic site (Francia et al. 2004) (Fig. 2) . In the replication region a short repetitive sequence upstream of DnaA-binding sites was observed; similar to those described in plasmids pAG20 (Kretová et al. 2005 ) and pJT2-1 (Trček et al. 2000) . Presence of a consensus sequence for the nic site within the ori region and repetitive sequences confirm that pGP2 plasmid is similar to ColE1 plasmids family. Based on the amino acid sequence analysis the number of α-helices and β-strands (4 elements larger than 4 residues in each case) were predicted as well as two domains: a helicase conserved Fig. 2 . Nucleotide sequence of pGP2 shows the repeats and other features of rep and its upstream region. Putative promoter sequence and the lowest free energy regions are underlined. The putative -10 and -35 promoter regions (in italics), and a possible RBS (in bold), are indicated above the sequence. DnaA box like sequence is underlined and in bold letters. DR are direct repeats signified by a dotten line above the sequence. In the amino acid sequence of the putative Rep protein, the HTH motif is highlighted by gray colour and leucine residues of the leucine zipper are signified by bold letters and shadowing. Fig. 3 . Construction of deletion derivatives from plasmid pGP25 for characterisation of the ORFs. Consecutive deletion of several ORFs was used to prepare constructs that were analysed for possible replication in E. coli XL1, Acetobacter estunensis CCM 3613 and Acetobacter pasteurianus CCM 3614 host strains.
C-terminal domain (137-175 aa, 98% identity) (Su et al. 2006 ) and a HTH motif (169-203 aa, 87% identity) (Tyrell et al. 1997) . Isoelectric point of this protein was calculated as pI 9.25.
ORF3 (2421-2764 bp) encodes a 114-residue long protein that shows a significant similarity (more than 98%) with the acidic phosphotransferase (1039218, aphA) from E. coli CFT073 (Hisano et al. 1996) . A RBS was determined 5 nucleotides upstream of ATG codon in position 2773 CAGCTGA 2767 . The promoter regions -10 ( 15 AATTTC 9 ) and -35 ( 36 GCGAGT 30 ) were predicted upstream of RBS position. The isoelectric point of the protein was calculated as pI 9.0. Three α-helices, four β-strands and haloacid dehalogenase-like hydrolase domain (residues 64-89, 78% identity) (Hisano et al. 1996) were revealed by the amino acid sequence analysis.
Determination of replication protein of pGP2 plasmid Plasmid pGP25 (4 kb) was prepared from pGP2 by inserting a gene resistance cassette to kanamycin from pUC4-KAPA in SalI position. Plasmid pGP26 (2.7 kb) was constructed as deletion of 1,309 bp ORF1 region cleaved by PvuI and partial SalI from plasmid pGP25. pGP27 (3.8 kb) derivative was constructed as deletion of 178 bp PstI-PvuII fragment in 5'-end ORF3 and the final pGP28 (3.0 kb) as derivative as deletion of 975 bp PvuII fragment in ORF2-encoded putative replication protein (Fig. 3) . Bacteria E. coli XLI, A. estunensis CCM 3613 and A. pasteurianus CCM 3614 were transformed with prepared plasmid pGP25, pGP26, pGP27 and pGP28. Results confirmed that plasmid pGP2 for replication in both Acetobacter and E. coli requires the product of ORF2, as a potential replication protein.
Replication module
Replication region of a large-scale bacterial plasmid contained Rep protein, binding sequence, iterons or repetitive sequences (Trček et al. 2000; Krahulec et al. 2003; Kretová et al. 2005) . Plasmid pGP2 encoded Rep protein essential for initiation of replication; replication region contains typical regulation-binding sites. As shown by the experiment, the protein binds to replication region and regulate the initiation of replication with cells proteins (Grones & Grones 2010) . The 213 amino acid residues long putative Rep protein (ORF2) exhibits 95% identity with the hypothetical replication protein from E. coli. In opposite, this pGP2 Rep protein displays low degree of similarity with some other plasmid-encoded Rep proteins from family Acetobacteriacea, e.g., those from pAG20 from A. aceti (27% identity) (Kretová et al. 2005 ), pJK2-1 from Gluconobacter europaeus (25% identity) (Trček et al. 2000) , and pGOX5 from Gluconobacter oxydans (35% identity) (Prust et al. 2005) .
The pGP2 Rep protein contains a probable bacterial regulatory HTH motif (lysR family): 166 VEDVL FAMVKEVENRPAVSLKTQPGAGGAATSAAQ 200 (Giraldo et al. 1989) (Fig. 2) . HTH-motif facilitates dimerization of protein(s), which is a prerequisite for DNA-binding of Rep protein (as well as other DNAbinding proteins) at specific binding sites on DNA (Giraldo et al. 1989; Garcia de Viedma et al. 1996) . The ORF2 also contains at the N-terminal end a leucine-rich repeat sequences (Fig. 2) , which help protein-protein interactions (Kobe & Kajava 2001) . Presence of the HTH motif in the putative pGP2 Rep protein predicts its auto-regulatory behaviour. The HTH motif has been described in many prokaryotic DNA-binding proteins, where it is involved in binding to specific regulatory DNA regions (Burian et al. 1999) . Rep proteins with the HTH motif can interact with both the ori region and the rep promoter interacting with the inverted repeats of the rep promoter region as a dimmer. Presence of a putative leucine zipper motif at the N-terminal end and the HTH motif at the C-terminal end show that pGP2 Rep protein is analogous with other regulation proteins and its function is conserved for all Rep proteins (Garcia de Viedma et al. 1996) .
A putative prokaryotic promoter (nucleotides 2301-2353) was detected 51 bp upstream of the rep region. Further support in favour of ORF2 as the functional replication protein is the presence of a 9-bp DnaA protein binding sequence (DnaA box) within the promoter region (Fig. 2) . This DnaA box with sequence ATTTCCACA ( Fig. 2 ; position 2367-2374) possesses P. Grones & J. Grones 88.9% identity (single mismatch) with the consensus TTA/TTNCACA (Schaper & Messer 1995) as well as the perfect E. coli DnaA box TTATCCACA sequences (Abeles et al. 1990 ). The importance of DnaA boxes can be concluded from the fact that a wide variety of bacterial plasmid replicons require DnaA protein for initiation of DNA replication (Park & Chattoraj 2001) , and most of the θ replicons require at least one plasmid-encoded Rep protein and host DnaA protein at the same time. DnaA box sequence function is to serve as a binding site for the host DnaA initiator protein, which in turn interacts with the DnaB protein forming DnaA-DnaB complex; DnaG is then brought in by DnaB-DnaG interactions. Direct interaction of specific plasmid sequences with DnaA, DnaB, and DnaG might have significant role in the loading of the helicaseprimase complex during replication (Khan & Chattoraj 1998) . As the cluster of DnaA like box is situated in the centre of the rep regulation region (Fig. 2) , it is assumed that this region is the origin of replication in pGP2.
Replication origins of several well studied bacterial plasmids have arrays of direct and inverted repeats called iterons, which are sites for binding of plasmidspecific replication initiator protein. In the plasmid pGP2 only two short repeat sequences were found in regulation region for binding the Rep protein to regulated plasmid replication or transcription from rep gene. AT-rich region of 100 bp (nucleotides 2301-2401; Fig. 2) , which has the lowest free energy (DG = 103.13 kcal/mol), in the complete pGP2 sequence suggesting this region as the probable ori of plasmid pGP2. Arrangement of the proposed ori region of pGP2 plasmid resembles those of the θ-replicating plasmids. The plasmid ori includes the specific sequences where the Rep and DnaA proteins can interact. It also has an AT-rich region containing short repetitive sequence, where the DNA strands melt (del Solar et al. 1998) . pGP2 replicon displays high similarity with the θ-type replicon of plasmid pPS10 isolates from Pseudomonas syringae (Nieto et al. 1992) . Several θ-type replicons contain one or more inverted repeats that overlap the promoter region of the rep gene (Martinez-Bueno et al. 2000) .
Copy number
Plasmid copy number was deduced by comparison of the total amount of chromosomal DNA and plasmid DNA (Pushnova et al. 2000) . Based on the prediction sequence of the whole genome of E. coli K12 (GenBank Acc. No. NC000913.2), the chromosome size was reported to be ∼4.6 Mb; the size for Gluconobacter (Acetobacteriacea) was ∼2.7 Mb (NC 006677.1). The copy number of the plasmid pGP2 was thus deduced to be 30-50 in its host E. coli and 10 copies in A. estunensis GP2. This moderate copy number of pGP2 in its natural host corroborates with the previous report that small-size cryptic plasmids are maintained in moderateto-high copy number (Nath & Deb 1995) . The plasmid pGP2 replicates in E. coli XL1, A. estunensis CCM 3613 and A. pasteurianus CCM 3614 cells. Copy num- ber of the plasmid is slightly higher in E. coli compared to that in Acetobacter.
Host range and segregational stability The pGP21, a derivative plasmid from pGP2, containing GP2 replicon could replicate successfully in E. coli XL1, A. estunensis CCM 3613, and was found to be stable in these two host strains even after 100 generations in absence of selective pressure. A similar stability was observed for the plasmid pAG20 from A. aceti CCM 3620 (Kretová et al. 2005 ) and pAP2 containing AP2 replicon like ColE1 (Krahulec et al. 2003) . Derivative of this plasmid encodes the gene of kanamycin resistance and its stability in both E. coli and Acetobacter was nearly 100%. Less than 3% E. coli XL1 cells lost pGP21 after 100 generations in non-selective medium. The stability of the plasmid pGP21 in A. estunensis CCM 3613 strain was more than 99%. These results correspond with previous values observed for the plasmid pAC1 (Grones et al. 1993; Grones & Turňa 1995) , pAG20 (Kretová et al. 2005) , and pAP2 (Krahulec et al. 2003) .
Plasmid pGP2-K as a cloning vector Plasmids purified from Acetobacter strains can be used as cloning shuttle vectors between Acetobacter and E. coli strains (Grones et al. 1993) . Plasmid pGP2-K was prepared from pGP2 after deletion of 1,021 bp fragment from ORF1 by cleavage with AvaI and SalI, and insertion of the gene for kanamycin resistance from pUC4-KAPA cleaved with SalI (Fig. 4) . Plasmid has the replication region from plasmid pGP2. After transformation into E. coli XL1, A. estunensis CCM 3613 and A. pasteurianus CCM 3614 with pGP2-K (3,092 bp) plasmid confirmed its ability to replicate in all of these strains.
Conclusion
The plasmid pGP2 of A. estunensis GP2 possesses several features typical for θ-replicating plasmids, such as presence of DnaA-like boxes, an AT-rich region with direct and inverted repeats (iterons) in the proposed ori region. The putative Rep protein contains leucine zipper and HTH motifs and exhibits high sequence similarity with some plasmid-derived Rep proteins. Replicon of pGP2 is more stable than that of ColE1 in both E. coli and Acetobacter. Plasmid pGP2 and its derivatives, containing only replicon, can be replicated and stably maintained in E. coli and Acetobacter. pGP2-K can be used as a cloning vector for these bacteria.
